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Sexual reinforcers are not part of a regulatory system involved in the maintenance of critical metabolic
processes, they differ for males and females, they differ as a function of species and mating system,
and they show ontogenetic and seasonal changes related to endocrine conditions. Exposure to a member
of the opposite sex without copulation can be sufficient for sexual reinforcement. However, copulatory
access is a stronger reinforcer, and copulatory opportunity can serve to enhance the reinforcing efficacy
of stimulus features of a sexual partner. Conversely, under certain conditions, noncopulatory exposure
serves to decrease reinforcer efficacy. Many common learning phenomena such as acquisition, ex-
tinction, discrimination learning, second-order conditioning, and latent inhibition have been demon-
strated in sexual conditioning. These observations extend the generality of findings obtained with
more conventional reinforcers, but the mechanisms of these effects and their gender and species
specificity remain to be explored.
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As the current special issue illustrates, the
nature of reinforcement is a major problem of
ongoing concern in the experimental analysis
of behavior. However, investigators have em-
ployed only a small range of reinforcers. In
trying to identify general properties of rein-
forcers, Dunham (1977) commented that, "It
is difficult to find much more than the various
combinations of lever press, key peck, food,
water, and electric shock upon which to base
generalizations" (p. 100). The situation has
improved little since 1977. Examination of em-
pirical articles using nonhuman subjects pub-
lished in the last 10 years (1983-1992) of the
Journal ofthe Experimental Analysis ofBehavior
revealed that 85% of the 419 articles reported
the use of food reinforcement. Only one article
involved sexual reinforcement (Domjan,
O'Vary, & Greene, 1988), and only 16 re-
ported the use of a reinforcer other than food,
water, or shock. Clearly, thorough investiga-
tions of more classes of reinforcers would en-
able us to make generalizations about the basic
nature of reinforcement with greater confi-
dence.

Appetitive reinforcers typically used in stud-
ies of animal learning (e.g., food, water, heat)
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are a critical part of regulatory systems. The
ongoing metabolic processes of the organism
pose a constant regulatory challenge. Because
regulatory systems typically have to be main-
tained within narrowly acceptable limits, stud-
ies of appetitive reinforcers have encouraged
the use of regulatory concepts, such as drive
reduction, in learning theory (e.g., Hull, 1943).
Regulatory concepts have been adopted in more
recent behavioral theories, but without explicit
reference to physiological mechanisms (e.g.,
Allison, 1989; Hanson & Timberlake, 1983;
Lea, 1978).

Given the emphasis on regulatory concepts
in analyses of appetitive reinforcement, ex-
amination of appetitive reinforcers that are not
clearly a part of a regulatory system would be
productive in assessing the generality of re-
inforcement effects. One such nonregulatory
reinforcer is sexual activity. Sexual activity is
not necessary for the survival of an individual
organism. In species with substantial compe-
tition for mates, subordinate individuals may
never get to copulate during a breeding season
(e.g., Le Boeuf, 1974; McCann, 1981). Sexual
behavior may also increase an organism's risk
of injury or death from predation or agonistic
interactions with conspecifics. Clearly, the
benefits that accrue from possibly passing genes
to future generations must outweigh these costs.
Phenomena loosely grouped under the

heading of "biological constraints" on learning
(see, Hinde & Stevenson-Hinde, 1973; Selig-
man & Hager, 1972) have been a persistent
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problem in the development of a general theory
of reinforcement. Some (e.g., Bolles, 1985) have
considered these effects more problematic than
others (e.g., Skinner, 1983). Regardless of the
severity of difficulties posed by these phenom-
ena, examination of cases in which the sub-
ject's evolutionary history may impose limits
on learning may provide an important test of
the generality of theories of reinforcement.
A daunting problem facing researchers who

wish to find new classes of biologically non-
arbitrary learning has been deciding where to
look for such phenomena. Most documented
cases of biological boundaries on learning have
been discovered serendipitously (Domjan &
Galef, 1983). A more systematic and fruitful
search for such phenomena may be conducted
in response systems that exhibit species spec-
ificity and diversity and are closely related to
reproductive success. Many behavior systems
can contribute to adaptation, but sexual be-
havior is the system most closely associated
with genetic transmission. Therefore, studies
of sexual reinforcement may be a good place
to search for specialized learning mechanisms
that have been established by natural selection
(Domjan & Hollis, 1988).

OPERANT VERSUS PAVLOVIAN
APPROACHES TO
REINFORCEMENT

In the following discussion of sexual rein-
forcement, we consider evidence from studies
using both operant and Pavlovian procedures.
We follow the conceptualization of Ferster and
Skinner (1957) in subsuming both operant and
respondent reinforcement under the rubric of
"reinforcement." We do not intend to revisit
the debate over one- versus two-process learn-
ing theories or argue, as did Wetherington
(1982), that to attempt to classify some be-
havior within the traditional operant-respon-
dent dichotomy would be a "theoretical step
backwards." For the present review, we concur
with Skinner (1983) that, "Whether there are
two processes of conditioning or only one is
not a question about behavior, because the ex-
ternal contingencies in respondent and operant
conditioning are clearly different.... The
question is about a common process-an in-
ferred mechanism" (p. 15).
The growing recognition that Pavlovian

procedures can provide insight into instru-
mental behavior can be seen by comparing the

old and new handbooks of operant behavior
(Honig, 1966; Honig & Staddon, 1977). These
two handbooks, published about a decade apart,
present very different perspectives on operant-
Pavlovian interactions. Honig's (1966) hand-
book contains no chapters on the issue, whereas
that of Honig and Staddon (1977) contains
three chapters that deal with the problem in
detail (Blackman, 1977; Dunham, 1977; B.
Schwartz & Gamzu, 1977). This reflects the
increased theoretical importance of phenom-
ena such as autoshaping and concerns over
issues raised by biological constraints on learn-
ing, as well as a growing practical realization
that many operant procedures may contain im-
plicit Pavlovian contingencies and vice versa.
Many stimuli may serve as either operant

or Pavlovian reinforcers, and factors that es-
tablish a stimulus as an effective reinforcer in
one of these paradigms should also establish
that stimulus as an effective reinforcer in the
other paradigm. Catania (1971), in arguing
for an operant-respondent continuum to re-
place the operant-respondent dichotomy, made
a similar point about establishing operations:
"most stimuli that are regarded as [operant]
reinforcers have the property that the re-
sponses they elicit increase in probability with
deprivation, and decrease in probability with
successive presentations (satiation)" (p. 209).
Glickman (1973) reached a similar conclusion
when considering the issue from a biological
constraints perspective: "From a naive evo-
lutionary vantage point, stimuli that evoke vig-
orous consummatory activities should also pro-
duce approach or withdrawal behaviour and,
in a plastic organism, should also have the ca-
pacity of modifying the probability of an ar-
bitrary operant" (pp. 207-208).

Studies have shown that operant and Pav-
lovian contingencies can be used to condition
the same response with the same reinforcer.
Wahlsten and Cole (1972), for example, con-
ditioned leg flexion in dogs with leg shock us-
ing both Pavlovian and omission contingencies.
The pigeon's key peck is perhaps the best
known example of a response that may be
conditioned and maintained under either op-
erant or Pavlovian contingencies using the same
reinforcer (see reviews by Locurto, Terrace,
& Gibbon, 1981; B. Schwartz & Gamzu, 1977;
Tomie, Brooks, & Zito, 1989), but other "op-
erant" responses (such as lever pressing in rats)
have been conditioned with Pavlovian proce-
dures (e.g., Boakes, 1977).
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In cases in which data obtained with operant
and Pavlovian procedures have been com-
pared, the behavioral effect have often been
qualitatively similar. Operant local contrast is
similar to Pavlovian induction (Malone, 1976).
Generalization gradients obtained with Pav-
lovian procedures are similar to those obtained
with operant procedures (Parker, Serdikoff,
Kaminski, & Critchfield, 1991; Weiss &
Weissman, 1992). Stimulus control estab-
lished with Pavlovian procedures facilitates the
development of subsequent operant discrimi-
nation learning with the same stimuli (Bower
& Grusec, 1964; Mellgren & Ost, 1969). Con-
ditioned inhibition and blocking effects, which
are typically studied with Pavlovian proce-
dures, have also been obtained with operant
procedures (Brown & Jenkins, 1967; Mack-
intosh & Honig, 1970), and blocking has been
proposed as a factor in operant stimulus con-
trol (e.g., Fields, Bruno, & Keller, 1976; Wil-
liams, 1973, 1975). Prominent investigators
have suggested that partial reinforcement ef-
fects are the only major learning phenomena
with qualitatively different results in operant
and Pavlovian studies (Catania, 1971; Ter-
race, 1973).
The operational distinction between oper-

ant and Pavlovian procedures, based on the
presence versus absence of a response contin-
gency, may still be maintained even if the same
reinforcer is used in both cases. However, not
all response-independent procedures are
commonly described as Pavlovian in nature.
Time-based schedules have been used to study
superstition (Herrnstein, 1966) and schedule-
induced behavior (Wetherington, 1982). Co-
hen and Looney (1984) addressed the diffi-
culties in properly assessing reinforcement ef-
fects in some of these response-independent
procedures. Cases in which operant and Pav-
lovian procedures result in differences in con-
ditioned behavior may be more relevant to a
discussion of the role of the response-rein-
forcer contingency than to a discussion of op-
erant versus Pavlovian reinforcement. Use of
variable- and fixed-interval reinforcement
schedules results in markedly different re-
sponse patterns, but the common interpreta-
tion is that the difference is due to differences
in contingency, not to any fundamental dif-
ferences in the nature of reinforcement. Re-
inforcement produces increases in conditioned
behavior, whether through operant or Pavlov-
ian contingencies. The reinforcer is still re-

inforcing, despite differences in response fre-
quency or patterning. Operations that make
reinforcers more or less effective should have
similar effects across different sets of contin-
gencies.

SEXUAL REINFORCEMENT
Response-contingent presentation of a fe-

male has been used to reinforce a variety of
instrumental responses in male rats, including
running (Beach & Jordan, 1956; Sheffield,
Wulff, & Backer, 1951; Ware, 1968), crossing
an electrified grid (Anderson, 1938), digging
through sand (Anderson, 1938), and lever
pressing (Everitt, Fray, Kostarczyk, Taylor,
& Stacey, 1987; Everitt & Stacey, 1987; Jo-
waisas, Taylor, Dewsbury, & Malagodi, 1971;
M. Schwartz, 1956). Response-contingent
presentation of a female has also been used to
reinforce running in male guinea pigs (Seward
& Seward, 1940) and lever pressing in male
rhesus monkeys (Michael & Keverne, 1968).
Response-contingent presentation of a male has
been used to reinforce lever pressing in female
rats (Bermant, 1961; Bermant & Westbrook,
1966; French, Fitzpatrick, & Law, 1972) and
lever pressing in female rhesus monkeys (Kev-
erne, 1976). However, some response con-
straints on instrumental sexual conditioning
have also been observed (Gilbertson, 1975;
Sevenster, 1973).
Numerous examples of the effectiveness of

sexual reinforcement have also been reported
in studies that have employed Pavlovian con-
ditioning procedures. Pavlovian procedures
have resulted in conditioned approach and dis-
play behavior to localized conditioned stimuli
(Domjan, Lyons, North, & Bruell, 1986; Hol-
lis, Cadieux, & Colbert, 1989), conditioned
sexual arousal (Zamble, Hadad, Mitchell, &
Cutmore, 1985), and conditioned neuroendo-
crine changes (Graham & Desjardins, 1980).

In the present paper, we will discuss (a)
response components of sexual reinforcement,
(b) stimulus aspects of a reinforcing sexual
partner, and (c) motivational substrates of sex-
ual reinforcement.

Response Components of
Sexual Reinforcement

Response components of sexual reinforce-
ment were originally investigated by Sheffield
et al. (1951) within the context of drive-re-
duction theories of reinforcement. According
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to these theories, completed copulatory behav-
ior is reinforcing because it reduces sexual
drive. Sheffield et al. tested this prediction by
providing male rats with access to a receptive
female in the goal box of a runway apparatus.
Upon reaching the goal box, the subjects were
permitted to mount and intromit during in-
teractions with the female, but they were not
permitted to ejaculate. Contrary to predictions
of drive-reduction theory, the subjects in-
creased their running speed with repeated tri-
als, even though the restriction on ejaculation
presumably prevented reduction of their sex
drive. Based on these results, Sheffield et al.
concluded that drive reduction is not necessary
for sexual reinforcement.
More recently, Gilbertson (1975) reinforced

key pecking in male pigeons with courtship
access to a female. Sevenster (1973) also used
courtship access to a female, this time to re-
inforce swimming through a ring by male
stickleback fish. Eliasson and Myerson (1975)
reinforced running in female rats with non-
copulatory exposure to a male rat.

Similar results have been obtained using
Pavlovian procedures. Zamble et al. (1985)
paired conditioned stimuli with exposure to a
female rat on the other side of a wire screen
and found that, for male rats, this resulted in
a decreased latency to ejaculate during copu-
latory test trials conducted with the condi-
tioned stimulus. Using blue gourami fish, Hol-
lis et al. (1989) obtained conditioned approach
and sexual displays by males to a light that
preceded visual exposure to a female. Peele
and Ferster (1982) reported conditioned key
pecking in both male and female pigeons using
an autoshaping procedure in which courtship
opportunity served as the reinforcer. Crawford
and Domjan (1993) observed conditioned ap-
proach by male quail to a localized conditioned
stimulus that preceded visual exposure to a
female, and this conditioned approach to the
light was relatively insensitive to an omission
procedure. Using a combined operant-Pavlov-
ian procedure, Deni (1978) found that male,
but not female, quail reduced their rate of food-
reinforced key pecking when given visual ex-
posure to a conspecific.
The above studies have demonstrated that

exposure to a female without consummation
of the sexual behavior sequence can serve as
an effective reinforcer in a variety of species.
However, other evidence has indicated that

completion of copulation typically results in
stronger reinforcement effects. Kagen (1955)
tested independent groups of male rats in a T
maze with a female presented as the reinforcer
in one goal box and a stimulus male presented
in the opposite goal box. One group of subjects
was allowed to mount without intromission or
ejaculation after each choice of the female side,
another group was allowed to mount and in-
tromit but not ejaculate, and a third group was
allowed to copulate until ejaculation. The ejac-
ulation group showed the most consistent choice
of the female side of the maze. In a related
study, Whalen (1961, Experiment 2) also used
a T maze. A female rat was presented in one
goal box, and the opposite goal box was empty.
Male rats that were permitted to make one or
four intromission responses on each trial de-
veloped a preference for the female side of the
maze, and the group that received four intro-
missions developed faster running speeds than
the group that received only one intromission
per trial. For a third group of subjects, only
mounting was possible because the female rat
on the reinforced side of the T maze had its
vagina surgically closed. The subjects in this
group showed very little preference for the
female side, and their running speeds de-
creased with successive conditioning trials.

Analogous results have been obtained using
Pavlovian procedures. Holloway and Domjan
(1993b) found that male quail that were
allowed to copulate with a female acquired
stronger approach to a conditioned stimulus
that was paired with access to the female than
did males that had the conditioned stimulus
paired with only visual access to the female.
Furthermore, male quail that were given vi-
sual access to a live female as the reinforcer
showed more conditioned approach behavior
than did males that were given visual exposure
to a nonmoving taxidermic model of a female.

Sexually receptive female rats are also sen-
sitive to the various stages of the copulatory
response sequence. Females remain in the re-
ceptive lordosis posture longer when males
copulate to ejaculation and engage in shorter
bouts of lordosis when males mount but do not
intromit (Kuehn & Beach, 1963). Peirce and
Nuttall (1961) allowed sexually receptive fe-
male rats to choose how much time they spent
in an arena with several sexually active males.
The latencies of the females to return to the
male arena varied as a function of the last
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copulatory episode in the arena. Females re-
turned to the male arena sooner following cop-
ulations without ejaculation than following
copulations with ejaculation.

Similar results have been obtained with fe-
male rats that were trained to lever press for
access to a male. The longest response latencies
were obtained following copulations ending in
ejaculation, intermediate latencies occurred af-
ter copulations that involved intromission
without ejaculation, and the shortest latencies
occurred following copulatory episodes that in-
cluded only mounting (Bermant, 1961). In a
subsequent experiment, Bermant and West-
brook (1966) reinforced lever pressing in fe-
male rats with one sexual contact (mount, in-
tromission, or ejaculation) with a male.
Response latencies were shortest following
nonejaculatory contacts. Anesthetization of the
vaginal area or copulation with males that had
a normal ejaculatory reflex but did not deposit
a sperm plug also resulted in short response
latencies compared to control conditions. These
data suggest that completion of the sexual be-
havior sequence is more reinforcing for both
female and male rats than are partial copu-
lations.
The above findings support the conclusion

that the strength of sexual reinforcement is
directly related to the extent to which subjects
complete the copulatory behavior sequence.
Other lines of evidence show that performance
of the copulatory response sequence is itself
subject to modification by learning. Kagen
(1955) found that male rats that were per-
mitted to intromit but not ejaculate during in-
teractions with a receptive female decreased
their copulatory attempts with successive tri-
als. Kagen also found a decline in copulatory
attempts in a group of male rats that was per-
mitted to interact with females whose vaginas
had been surgically closed. This finding was
subsequently replicated by Whalen (1961, Ex-
periment 1).

Conditioned changes in copulatory behavior
have also been reported by Silberberg and Ad-
ler (1974), who used a differential reinforce-
ment schedule to condition male rats to achieve
ejaculation earlier in the copulatory response
sequence. The subjects in the experimental
group were allowed to intromit only seven times
during each training session. This restriction
resulted in the rats learning to achieve ejacu-
lation with fewer intromissions than that ob-

served in control groups that did not receive
the response contingency.

Performance of the copulatory response se-
quence also can be altered by Pavlovian con-
ditioning procedures. For example, Zamble et
al. (1985) paired the placement of male rats
in a plastic tub lined with wood shavings with
exposure to a sexually receptive female on the
other side of a wire screen. As a consequence
of this conditioning procedure, the subjects
ejaculated more quickly in test sessions with a
female rat after being placed in the plastic tub
than did control subjects that received un-
paired exposure to the plastic tub and the fe-
male. Using blue gourami fish, Hollis et al.
(1989) paired exposure to a red light with
visual exposure to a female, and found that
when the males were given copulatory access
to females, the red light facilitated courtship
appeasement behavior and suppressed aggres-
sive responses. In a similar study conducted
with male Japanese quail, Domjan et al. (1986)
found that the latency of copulatory behavior
was shorter following exposure to a red light
that had been paired with copulatory access to
a female quail than following exposure to a
light that was unpaired with access to a female.

Conditioned contextual cues can also facil-
itate copulatory behavior. Domjan, Greene, and
North (1989) gave one group of male quail
opportunities to copulate with a female in a
large test chamber; another group of males
received copulatory opportunities in smaller
wire-mesh home cages. During subsequent test
sessions, the males were allowed to copulate
with a taxidermic model that contained the
head and neck of a female quail. Subjects that
previously copulated with live females in the
test arena were more likely to copulate with
the test model than were the control group.
Sexual conditioning of contextual cues has also
been observed to facilitate copulatory behavior
in male rats (Zamble, Mitchell, & Findlay,
1986).

Stimulus Aspects of a Reinforcing
Sexual Partner
The stimulus aspects of a reinforcing sexual

partner may be influenced by ontogenetic ex-
perience to varying degrees in different species.
For some species, recognition of a potential
sexual partner is largely independent of early
social experience. For example, brood para-
sites (such as cowbirds) are raised by a host
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species and do not see other conspecifics until
maturity. Therefore, their mate recognition
cannot be based on early social experience
(West, King, & Eastzer, 1981). In other spe-
cies, early social experience can significantly
influence later copulatory behavior and mate
preference. Social deprivation in infancy can
result in deficient adult social and sexual be-
havior in rhesus monkeys (Mason, 1960). In
some bird species, early social experience with
particular types of birds can bias later mate
choice in favor of those types of individuals, as
evidenced by the phenomenon of sexual im-
printing (see reviews by Bateson, 1978; Hess,
1973). In an interesting form of sexual im-
printing, Fillion and Blass (1986) found that
adult male rats ejaculated more quickly during
copulation with a female if the female was
treated with an odor the males encountered
during suckling in infancy. Imprinting can also
result in the stimulus control of sexual behav-
ior by highly atypical stimuli. Hediger (1964),
for example, cited several instances of zoo an-
imals that came to react to specific keepers as
either potential mates or sexual rivals. These
responses are also sometimes seen in pets or
laboratory animals that develop social attach-
ments to humans (e.g., Beach, 1948).

Social contact with conspecifics or imprinted
targets is reinforcing for young animals. Quail
chicks will run on a treadmill to maintain
proximity to similar-aged chicks (Launay,
Mills, & Faure, 1991), and Peterson (1960)
trained ducklings to peck a response key using
the presentation of an imprinting stimulus as
a reinforcer. Young animals are clearly unable
to engage in adult sexual behavior, but the fact
that they undergo sexual imprinting suggests
that these cases of social reinforcement can
have a sexual component.

Animals can also learn about potential sex-
ual partners as adults. Successful copulations
may bring behavior under the stimulus control
of features of potential sexual partners that do
not control behavior initially. These stimulus
features may then serve as conditioned rein-
forcers in their own right. Conversely, animals
may learn to decrease responding to stimulus
features of inappropriate sexual partners from
exposure to these stimuli in the absence of
sexual reinforcement. Both of these forms of
learning have been demonstrated in a variety
of species.
Male quail in reproductive condition will

approach and remain near visible, but inac-
cessible, females. This approach behavior is
facilitated by copulatory experience with the
type of female that is seen (Domjan & Hall,
1986a; Nash, Domjan, & Askins, 1989), even
if that female is different from the type the
male was exposed to during its usual period
of sexual imprinting (Nash & Domjan, 1991).
An intact male quail can also come to approach
and remain near a functionally castrated male
if the intact subject receives repeated copula-
tory opportunities with the functionally cas-
trated male (Nash & Domjan, 1991).

Even arbitrary stimulus features can be-
come effective sexual reinforcers through as-
sociation with copulatory opportunity. Domjan
et al. (1988) used exposure to a female quail
adorned with bright orange feathers as a signal
for the opportunity to copulate with a normal
female. This conditioning procedure increased
the frequency of copulatory responses that were
directed toward the adorned female during a
postconditioning test session. In another study,
Domjan, McDonald, and Holloway (1992)
gradually covered the natural plumage of a
taxidermic female model with terrycloth and
successfully transferred stimulus control of
male copulation to an artificial model that was
completely covered with terrycloth.
A common related finding in mammalian

species is that sexual experience increases the
preference of males for the odor of receptive
as compared to nonreceptive females (see Tay-
lor & Dewsbury, 1990, for a review). This
effect has been reported in male beagles (Doty
& Dunbar, 1974), mice (Hayashi & Kimura,
1974), rats (Carr, Loeb, & Dissinger, 1965;
Lydell & Doty, 1972; Pfaff & Pfaffman, 1969;
Stern, 1970), and monkeys (Goldfoot, 1981).
Whereas copulatory experience increases the

reinforcing efficacy of particular stimulus fea-
tures of potential sexual partners, in certain
circumstances noncopulatory exposure serves
to decrease reinforcement efficacy. This is par-
ticularly evident in how males learn to dis-
criminate the gender of other members of their
own species. Males of several species, includ-
ing ring doves (Barfield, 1971), mice (Nyby,
Bigelow, Kerchner, & Barbenhenn, 1983),
ruffed grouse (Allen, 1934), red-winged black-
birds (Noble & Vogt, 1935), and Japanese
quail (Sachs, 1966; Schlinger, Palter, & Cal-
lard, 1987) initially respond similarly to male
and female conspecifics. In these species, males
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have to learn to discriminate males from fe-
males.

Studies with Japanese quail have shown
that with differential sexual reinforcement,
males learn to discriminate the gender of other
quail. For example, pairing exposure to female
qiuail with copulatory opportunity and pro-
viding exposure to male stimulus birds in the
absence of sexual reinforcement results in more
approach to female stimulus birds than to male
birds (Domjan & Hall, 1986a; Domjan &
Ravert, 1991; Nash et al., 1989). If copulatory
opportunity is given with functionally cas-
trated male stimulus birds and the subjects are
exposed to female birds without copulatory
opportunity, then the male subject will come
to approach male stimulus birds more than
females (Nash & Domjan, 1991). However,
these effects are obtained only with sexually
naive males. Following a history of copulation
with female quail, males continue to approach
and remain near females even if they are no
longer allowed to copulate with them (Domjan
& Hall, 1986a; Nash & Domjan, 1991). In
contrast, approach to males is much more sus-
ceptible to extinction if exposure to stimulus
males is no longer paired with copulatory op-
portunity (Nash & Domjan, 1991). Male quail
may have a biological predisposition to ap-
proach female cues more than male cues. This
predisposition may be manifest in faster con-
ditioning of female cues or greater resistance
of female cues to extinction. Alternatively, cop-
ulatory access to males and females may pro-
vide qualitatively different types of reinforce-
ment. Males that attempt to copulate with other
males are often rebuffed. Even if the target
male is somewhat cooperative, as were the
functionally castrated males in the study by
Nash and Domjan (1991), the subject male is
unlikely to be properly stimulated to ejacula-
tion.

Motivational Substrates of
Sexual Reinforcement

Perhaps the most important motivational
factor in the performance of sexually rein-
forced behavior, whether the behavior is the
product of operant or Pavlovian conditioning
procedures, is the hormonal status of the sub-
jects. In male Japanese quail, the initial de-
velopment of sexual behavior is correlated with
a rapid increase in plasma testosterone (Ot-
tinger & Brinkley, 1978). Adult male testos-

terone levels are sensitive to daily photostimu-
lation. Restriction of the daily light cycle causes
regression of the testes and reduction in plasma
testosterone (Delville, Sulon, & Balthazart,
1985; Follet & Farner, 1966; Sachs, 1967;
Siopes & Wilson, 1975). The reduction in tes-
tosterone results in decreased copulatory be-
havior (Adkins & Adler, 1972; Sachs, 1969).
Males on restricted photoperiods also cease to
approach and remain near females (Domjan,
1987). All of these effects can be reversed by
hormone replacement therapy. Similar hor-
mone-behavior relationships have been ob-
tained in rodent species. Beach and Holz-
Tucker (1949), for example, found that the
copulatory behavior of castrated male rats was
related to the dose of testosterone that was
administered.

Early evidence of the dependence of sexually
reinforced instrumental behavior on sexual
motivation was provided by Beach and Jordan
(1956), who trained male rats to run a straight
alley for access to a receptive female. Each day,
trials were continued until copulation resulted
in ejaculation. After 17 days of training, the
running speed of the subjects increased six-
fold. With subsequent castration, running
speeds slowed to pretraining levels. However,
when testosterone replacement therapy was
provided, the subjects returned to running as
fast as they did at the end of training.

Similar results have been obtained in a free-
operant paradigm by Everitt and Stacey (1987)
using a second-order schedule of sexual rein-
forcement. In the terminal second-order sched-
ule, lever pressing was reinforced on a fixed-
ratio 10 schedule by a 1-s presentation of a
light. The first completion of the fixed-ratio
requirement after 15 min produced both the
light and opportunity to,copulate with a female
rat. Following training on this second-order
schedule, castration produced a significant de-
cline in lever-press responding. However, re-
sponding was restored when exogenous tes-
tosterone was provided.
The instrumental behavior of females is

similarly affected by hormonal state. Keverne
(1976) used copulatory access to a male mon-
key to reinforce bar pressing by female rhesus
monkeys on a fixed-ratio schedule. Response
rates varied directly with the menstrual cycle
of the females. In addition, latency to complete
the fixed ratio increased after ovariectomy and
decreased following hormone replacement
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treatment. Eliasson and Myerson (1975) found
that during estrous periods, female rats ran to
a male stimulus rat in preference to a female
stimulus rat with which they could not cop-
ulate. This preference was lost during preg-
nancy but began to reemerge during the later
stages of lactation. French et al. (1972) gave
female rats a choice between two males as
sexual reinforcement. Stable preferences for a
particular male developed when the females
were in estrus but not when they were in dies-
trus.

Sexual motivation is also important for the
performance of conditioned behavior that re-
sults from Pavlovian reinforcement proce-
dures. In studies with male Japanese quail,
Holloway and Domjan (1 993a) found that
conditioned approach to a stimulus paired with
copulatory opportunity declined when subjects
were placed on a restricted light schedule that
was insufficient to maintain gonadal testoster-
one production. However, return to sufficient
photostimulation and testosterone replacement
therapy both produced recovery in the condi-
tioned approach behavior.
The rate of decline in male sexual behavior

that results from castration shows substantial
individual variation in some species (Hart,
1974). Furthermore, this individual variation
may be related to the prior sexual experience
of the subjects. Rosenblatt and Aronson (1958)
found, for example, that prior sexual experi-
ence slowed postcastration decline in sexual
behavior in male cats. Larsson (1978) found
similar effects with male rats.

Prior sexual experience can also reduce the
deleterious effects of sensory deficits on sexual
behavior. Some sensory information is neces-
sary for normal male sexual behavior. Penile
desensitization or deafferentation disrupts
copulation by male rats (Carlsson & Larsson,
1964; Lodder, 1976) and cats (Aronson &
Cooper, 1968, 1969). This disruption is less-
ened by prior sexual experience (Lodder,
1976). Other sensory deficits also impair sex-
ual performance by males. Beach (1942) found
that sexually experienced male rats copulated
more normally after the imposition of sensory
deficits than did sexually inexperienced males.

CONCLUDING COMMENTS
Much of the research we have discussed has

involved the use of male subjects. In cases in

which the sexual behavior of females has been
studied, it has often been more difficult to ob-
tain evidence of sexual reinforcement. Female
quail, for example, did not approach and re-
main near visible males (Domjan & Hall,
1986b) and did not alter their rate of food-
reinforced pecking when shown conspecifics
(Deni, 1978). For these reasons, attempts to
demonstrate sexual learning in female quail
have been problematic.

Gender differences in learning are probably
strongly influenced by the mating system of
the species (Domjan & Hollis, 1988). Trivers
(1972) argued that which gender (male or fe-
male) has the greater role in mate selection
will depend on which makes the greater pa-
rental investment in the offspring in terms of
gamete production, parental care, territorial
defense, and other factors. The gender making
the lesser parental investment usually com-
petes for mates. This may lead to sexually
dimorphic differences in the speed of acqui-
sition of sexually conditioned responses, dif-
ferences in asymptotic performance, or differ-
ences in the kinds of sexual learning that may
occur (Domjan & Hollis, 1988).

Sexual reinforcers are distinct from more
typical reinforcers (e.g., food or water) in that
they are different for males and females, differ
as a function of species and mating system, and
show ontogenetic and seasonal changes. These
differences make sexual reinforcement a good
choice to study the generality of learning and
reinforcement effects. Although many aspects
of sexual reinforcement remain to be investi-
gated, the effects obtained to date have been
similar to those observed with more conven-
tional reinforcers. Orderly acquisition effects
have been obtained with both instrumental and
Pavlovian procedures (e.g., Everitt et al., 1987;
Hollis et al., 1989). Extinction effects (Domjan
et al., 1986; Zamble et al., 1986), latent in-
hibition (Zamble et al., 1986), second-order
conditioning (Zamble et al., 1985), and dis-
crimination learning (Domjan et al., 1988;
Nash et al., 1989; Nash & Domjan, 1991) all
have been obtained with sexual reinforcement.
And, as in autoshaping with food reinforce-
ment, the use of an omission contingency does
not eliminate or preclude the development of
conditioned approach behavior (Crawford &
Domjan, 1993). These similarities extend the
generality of findings obtained with more con-
ventional reinforcers, but future research on
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gender and species differences may yet reveal
evidence of adaptive specializations with sex-
ual reinforcement.
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